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Introduction
Mobility is one of the main challenges faced by urban areas globally. Increased traffic notably results in congestion of infrastructure, air pollutants and greenhouse gas emissions. Addressing this issue is not an easy task and requires a rethink of both the supply and demand of transport. Teleworking represents a way of reducing mobility and, specifically, avoiding commuting. It is viewed as a tool to limit the environmental impacts of mobility and to reduce infrastructure congestion (Ravalet and Rérat, 2017) . In Switzerland (the case study on which this paper is based), teleworking is widely accepted. It transcends political parties as it neither places costs on the community nor involves new taxes, it does not divide supporters of motorised mobility, public transport and active mobility, and it is seen as an additional choice for employees and a way for them to improve their work-life balance.
Enthusiasm for teleworking is far from new, as shown by some seminal works. In his model on mobility transition, Zelinksy forecast that certain residential moves and circulatory movements "would be cancelled out by better communications, as travel is rendered redundant by more efficient transmission of messages for business, social, and educational purposes" (Zelinsky, 1971: 236) . De Rosnay believed that teleworking would lead to the end of spatial concentration in urban areas and transport infrastructures and to a repopulation of rural and peripheral spaces (Rosnay, 1979) .
Telecommuting is on the rise (Zhu and Mason, 2014; Kim et al., 2015; Swiss Confederation, 2016; e Silva and Melo, 2018) , due notably to the development of innovations in information and communication technologies and to the transition to a postindustrial economy with the expansion of knowledge-based activities. The rise of third places such as co-working spaces is also a part of this development. Some critics of teleworking have focused on its infeasibility in sectors which require the co-presence of production factors or work with customers, and on its desirability both from the standpoint of employers (critics highlight, for example, issues of trust and control) and employees (e.g. sociability) (Aguilera et al., 2016) .
Teleworking is likely to bring dramatic changes to the nature of employment and commuting. At first glance, it is a simple way of avoiding commuting -especially during rush hour -and of replacing movements across space with virtual interactions. But can we really be satisfied with this? Are there space-time rebound effects? In economics, a rebound effect is an increase in consumption that partially or totally offsets the gains made by using a new technology. Significant rebound effects have been identified in the fields of transport and mobility. In their seminal work, that is still a source of debate, Zahavi and Talvitie (1980) found that travel time budgets had been stable for some decades, despite the important speed gains represented by new modes and infrastructures of transport. This means that the gain in time (thanks to the increase in speed) is generally reinvested in additional distances. As suggested by Rietveld (2011) , could this reasoning be applied to teleworking? This paper presents an exploratory analysis of the impacts of teleworking on mobility practices (e.g. distances travelled, use of the car), using Switzerland as a case study. After a literature review on teleworking, its various forms and its links with spatial mobilities, we present the data base used in this paper. The empirical section is divided into two stages, looking first at the prevalence of teleworking in the case of Switzerland and its popularity according to employment context and socio-demographic profile, and second at links between telecommuting and mobility practices. Teleworkers are compared to non-teleworkers with regard to the distance of their commute, the distances they travel for all reasons on working days and over the week, and the transportation mode used. The distances travelled on teleworking and non-teleworking days are also compared. On the whole, the paper shows that teleworking is more frequent among employees who have longer distances to travel between their home and place of work. However, while teleworking reduces the number of commuting trips, it may increase the distance travelled over a working week.
Theoretical elements

The various forms of teleworking
It is crucial to start the discussion on teleworking by stating its definition, as it covers a wide variety of situations (Thomsin, 2002; Sullivan, 2003) . This diversity is often only partially taken into account in official surveys on mobility or the labour market, affecting in turn researchers' analysis of teleworking.
In 1991, Mokhtarian defined teleworking as "using telecommunications technology at home, or at a location close to home, during regular work hours, instead of commuting to a conventional workplace" (Mokhtarian, 1991, 275) .
The words "instead of" imply a replacement of the workplace: teleworking entails working somewhere other than the usual place of work (Melo and e Silva, 2017) . The use of ICT is also a significant aspect of teleworking. These criteria exclude those people who normally work at home (e.g. self-employed workers) or whose activity is decentralised, as this does not represent an alternative to commuting. The term 'teleworker' is often limited to people who are employed (rather than self-employed) and who have a conventional workplace outside the home (Aguiléra et al., 2016) . Sullivan (2003) discussed the need to define a weekly percentage of teleworking time, which led Parent-Thirion et al. (2007) estimate that 20% of European employees spend at least a quarter of their working time at home, compared to less than 3% who spend all or most of their time at home. In 2015, in Switzerland, the proportion of regular teleworkers (teleworking for more than 50% of their working hours) is estimated at 1.3%, while that of occasional teleworkers (less than 50% of their working time) is estimated at 19.7% (Swiss Confederation, 2016) .
It is important to consider the nature of the work activities performed outside the workplace (Maruyama and Tietze, 2012) . In a recent report on legal issues on the subject, a distinction is made between partial and total teleworking depending on whether an employee performs his/her work tasks outside the office for part of the day (e.g.
answering emails before commuting) or the whole day (Swiss Confederation, 2016) . flexible working hours are not necessarily linked, the development of informal telework does often seem to be associated with flexible working practices (Taskin and Schots, 2005; Ernst, 2007) . Several other employment criteria also play a role in the propensity for teleworking. Among others, we can point to managerial trust and control, and type of job, work tasks and responsibilities (Vilhelmson and Thulin, 2016; Singh et al., 2013) .
It is difficult to pinpoint individual characteristics and their potential impact on the propensity of employees to telework, particularly regarding the effects of gender, age and the presence of children in households (Singh et al., 2013, e Silva and Melo, 2018) . In terms of socioeconomic status, it is consistently demonstrated that the people with the highest incomes and highest levels of education are most likely to telework (e Silva and Melo, 2018) .
The links between teleworking and the various forms of spatial mobility
In this paper, we consider the links between teleworking and the spatial mobility of the people concerned. A primary effect of teleworking is to limit the number of commuting trips. However, in the early 1990s, another hypothesis was made regarding a possible rebound effect: longer commuting distances would become acceptable due to the possibility of teleworking at home or in a dedicated place near to home (Nilles, 1991; Janelle, 1986) . This hypothesis has not been proven, since the only evidence observed is that teleworkers tend to live further away from their main place of work than others (Zhu, 2013; Helminen and Ristimaki, 2007; Ory and Mokhtarian, 2006; Mokhtarian et al., 2004; Peters et al., 2004; Rietveld 2011 , Lachapelle et al. 2017 ).
The mechanism behind this trend has not yet been fully addressed. It may be the result of a negotiation with the employer (e.g. in order to take care of children, or for quality of life issues) that took place after the residential choice. However, no research has assessed the possibility of greater tolerance for commuting distance induced by the possibility of teleworking. Teleworking could, for example, be seen as an incentive (1) to choose a home that is remote from the workplace, (2) not to relocate, or (3) to accept or keep a job far away from home. As teleworking could play a role in the choice of places of residence and work, and also distances travelled, the question of the modes of transport used then arises, for both commuting trips and all other trips (Zhu and Mason, 2014, and Melo, 2018) .
A further element is that telework could generate trips that would not take place if people spent a usual day in the workplace. In South Korea, for example, Kim (2017) shows that non-work-related trips on teleworking days amount to 4 kilometres on average. Perch-Nielsen et al. (2014) estimate that 7 to 23% of the savings on travel due to teleworking are offset by compensation effects related to extra distances travelled for other purposes (e.g. leisure, childcare, shopping). In their literature review, Walls and Safirova (2004) report that vehicle miles travelled are 53% to 77% lower on telecommuting days than on non-telecommuting days in the United States. It therefore appears that teleworking makes it possible to use the time saved by not travelling to work for other trips.
In this paper we aim to address the question of the extent to which teleworking reduces the distance travelled daily.
Before we can do this, it is necessary to look into the incidence of teleworking and to better understand who teleworkers are. As the context is changing rapidly (digitalisation, economic restructuring, etc.), we will also look at recent evolutions in teleworking.
3 Methodology
This paper addresses teleworking in Switzerland, which provides an interesting case study for several reasons.
First, it is a tertiary economy in which many sectors are conducive to teleworking. There is extensive transport infrastructure -both road and rail -and both information and communication technologies are highly developed, including in the more peripheral regions. Moreover, Swiss people tend to be quite attached to their place of residence and are rather reluctant to move (and in particular to change their canton of residence) because of their employment (Ravalet et al., 2015 , Rérat, 2014 . In addition, the importance of internal migration is declining, while long-distance commuting is on the rise. Teleworking could play an increasing role in the trade-offs between private life and work life, and may strengthen this trend.
Beyond some pioneering works (see for example Rumley et al., 1999) , few studies have addressed teleworking in Switzerland and the different forms of mobility avoided or generated by teleworking. Only one study, funded by the Swiss Federal Office of Energy (Perch-Nielsen et al., 2014) , considers two effects: induced trips on teleworking days and energy consumption related to home heating. The longer distances between home and work for teleworkers are mentioned but not studied, and the subject is approached from the perspective of companies rather than employees, which limits telework to its formal dimension. This paper is based on the Mobility and Transport Microcensus (MTMC), which is the major data set in the field of mobility in Switzerland. This telephone survey is conducted every five years by the Federal Statistical Office In addition, 10,982 employees in 2010 (and 8,573 in 2015) answered a module on "active mobility and employment situation", which included a number of questions about teleworking at home.
The first step was to define teleworking on the basis of the theoretical discussion and the content of the survey.
We used questions on home teleworking ("Do you telework at home?") and on the time dedicated to teleworking ("How much of your work time do you do at home?"). The available data does not take into account teleworking outside the home (in third places, other places dedicated to teleworking, or while travelling). We classified employees into those who telework at home for a large part of their working time (over 30%), a small part (less than 30%) or who never telework. The 30% threshold corresponds to one and a half days of teleworking per week for full-time workers. This threshold has emerged over the course of the analysis as a relevant limit in terms of professional situation and socio-demographic profile (see sections 3.2 and 3.3). Throughout this paper, we will refer to intensive telehomework for the former category and partial telehomework for the latter.
More than two-thirds of self-employed people work at home for part of their working time. This situation is often associated with a lack of a conventional workplace, flexibility in the organisation of their working time or the frequency of overtime. For the following analysis we restrict the definition of telework (as discussed above) to employees and do not consider self-employed people.
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The literature review highlights the influence of the sociodemographic profiles, working conditions and spatial locations on the propensity to telework. The factors that we have taken into account are underpinned by the literature and the availability of variables in databases. We decided to include age, gender, level of education, income and household type as sociodemographic issues, and working time flexibility, hours of work, hierarchical responsibility, potential link to ownership of the company and, finally, business sector in terms of assessment of working conditions. On the spatial issue, we considered the residential location of employees in core cities, suburban municipalities, isolated cities or rural areas.
The MTMC provides information on the respondents' mobility practices on the day before they were interviewed so we can infer some information on the effect of teleworking on other forms of mobility. Since we do not know what activity the respondents are engaged in when they are at home, we can only consider teleworkers who work full-time and who were surveyed on a weekday. This minimises the risk of confusion between teleworking days and days when the respondent did not work (holidays, sickness, etc.). Teleworking days are considered to be worked weekdays when the employee spends at least 6 hours at home between 9am and 5pm. Working days in the office are considered as such when the respondent spends at least 6 hours at the workplace within the same time slot. For the samples to be sufficiently large, we included both partial and intensive teleworkers in this analysis.
As part of this approach, we compared the commuting distances between teleworkers and non-teleworkers. In the MCMT, the distances are calculated on the basis of geolocated origins and destinations. The transport offer is then considered to correct distances as the crow flies. To test the robustness of the differences in commuting trips we also applied a linear regression using the independent variables mentioned above. We completed the analysis by addressing modes of transport, as well as all journeys made on a workday.
Results
Frequency of teleworking in the labour force
In 2015, a quarter of Swiss employees carried out telework at home ( Figure 1 ). However, and echoing Sullivan (2003), the majority teleworked for only a small part of their working time: 18.2% of employees teleworked partially and 6.1% in an extensively way. These figures are approximately two percentage points higher than in 2010 (16.5% and 4.6%). Such results are in line with those obtained by the Swiss Confederation (2016) but are slightly lower than those found by Deloitte (2016) . Both studies detail the development of teleworking without linking it with mobility practices. In Deloitte (2016) , the share of employees teleworking at home for at least one half-day per week is estimated at 28%. Teleworking is distributed very differently among the labour force. We carried out a multiple regression analysis on the 2010 and 2015 data to analyse the role of various independent or explanatory variables (sociodemographic profile, working conditions and spatial context). In so doing, we summarised the information and determined the influence of each independent variable, all things being equal, on the dependent variables, which consist of partial teleworking, intensive teleworking and no teleworking. The influence of each independent variable was measured by way of an odds ratio -referred to as exp(B) -which represents the ratio of the odds of an event (e.g.
teleworking) occurring in one group compared to another (a reference group). If the odds ratio is higher (or lower) than one, the odds of teleworking is more (or less) likely in the group under study than in the reference group.
This analysis of the 2010 database (table 1) does not show any effect for most sociodemographic variables on teleworking practices. Neither gender, age, nor households structure have a significant effect. Only income and education levels play a significant role: the higher the level of these variables, the more frequent the use of partial teleworking. Residential location does not have any impact on the propensity to telework. People with hierarchical responsibilities have a much greater tendency towards partial telework, but not intensive telework. The question is whether this time spent working at home is part of their regular working hours (and therefore performed at home rather than at the conventional workplace), or whether it is overtime during evenings or weekends. It is difficult to answer this on the basis of the available data. This possible form of teleworking at home does not prevent commuting but rather allows people to "work more" without necessarily "being more present at the office". When an employee owns the company s/he works for, or when this company belongs to a family member, teleworking is significantly more common. This tendency is extremely evident in the case of intensive teleworking. The understanding is that such situations are probably similar to the case of self-employed workers.
The last element concerns activity sector. Partial telework is particularly common in three categories: information and communication, education, and domestic services. Overall, the tertiary sector, with the exception of personal services, is associated with a high rate of partial telework. Intensive telework is focused more specifically within teaching professions. In fact, these results raise the question of the very nature of professional activity performed at home. Can we really talk about telecommuting at home when a teacher finishes preparing for a school day at home in the evening? More generally, is reading or answering professional emails in the evening a form of teleworking? The great variety of professional activities that can be carried out outside the conventional workplace requires better identification in surveys in the future to better understand the use of teleworking.
Several differences are observed between the results obtained in 2015 (table 2) and those of 2010. Although the incidence of telework rose (both in partial and intensive form) from 2010 to 2015, the differences became more pronounced between distinct groups of workers. In 2015, people under 30 years of age telework less than those aged over 30. Their recent entry into working life, and limited hierarchical responsibilities, is probably an obstacle to the spread of teleworking. The under-representation of people with a high level of education in this age group (since they enter the labour market later) is another explanation. Men are more likely to partially telework at home than women (which may be explain by the fact that they usually commute over longer distances). In table 1, we observed that age and gender played no role on teleworking in 2010. The results obtained for 2015 show that teleworking did not increase at the same rate for both men and women, or for all age categories. Family structure also played an important role in 2015, since single parent families are more likely to telework at home than couples without children. This highlights the opportunities offered by teleworking to improve life-work balance (Tremblay et al., 2006) . The banking and insurance sector was characterised in 2015 by a higher propensity for partial telework than in public administration, which was not the case in 2010. Partial telework has particularly increased between 2010 and 2015 in this sector. Telework is also more developed in sectors such as trade and mechanical repair, accommodation and catering, health, medico-social and social than in public administration. Table A1 .5, in the appendix, shows that partial telehomework increased in almost all sectors except public administration.
The comparison of teleworking practices in 2010 and 2015 also shows that the use of teleworking has hardly changed in 5 years for employees working according to fixed schedules at the beginning or the end of the day.
Teleworking increased in all other cases. This shows how flexible working time is a strong facilitating factor for the development of teleworking.
The last difference between 2010 and 2015 that we want to highlight concerns residential location. Living in rural municipalities or in isolated cities was not linked with a higher propensity to telework in 2010 but this was the case in 2015. This result is the first indication of a link between teleworking and longer home to work commuting distances, all other things being equal, but also that telework may promote urban sprawl.
Teleworking and mobility practices
The second part of the analysis addresses the link between teleworking and mobility practices. As mentioned in the methodology section, we aggregate partial and intensive teleworkers to create a sufficiently large sample. We first evaluate the differences between people who telecommute and those who never do so in terms of commuting distance (figure 2). Teleworkers live further from their place of work than people who never telework: 20 km versus 15.7 km in 2010 and 24.6 km versus 16.1 km in 2015. The difference in commuting distances between teleworkers and non-teleworkers has also increased as it amounted to 4.3 km in 2010 and 8.5 km in 2015. In other words, while the commuting distance increased by 2.5% over a five-year period for non-telecommuters, it grew by 23% for teleworkers. These differences in commuting distances may not only be related to telecommuting but also to socio-demographic profile, working conditions, and residential location. We assessed these potential effects using a linear regression, in which we used binary variables (table 3) . Standardised Beta indicates the correlation coefficient between the explanatory variable (in the left-hand column) and commuting distances. S.E. is the Standard Error. The t coefficient is the coefficient of the hypothesis test, and the stars to the right indicate the significance of the relationship.
As shown in table 3, many sociodemographic, professional or spatial variables play a role in home-work distance;
it is higher for men than for women, for the highest education levels, for people who have flexible working hours, or who have no connection with the ownership of the company that employs them. It is therefore interesting to note that working in a self-owned or a family-member's business facilitates teleworking (tables 1 and 2) even if the home-work distances are lower for the workers considered. We would suggest that, in these cases, it relates to overtime. The crucial observation concerning our research question is that, all things being equal, teleworking plays a significant part in the distance between home and the work. The relationship is even more clearly significant in 2015 (p<0.001) than in 2010 (p<0.05). Thus, teleworking for some days during the week is significantly linked with greater distances between home and work. In addition to the distance between places of residence and work, we characterised all journeys made during a day spent at the workplace for any purpose (leisure, shopping, giving people lifts, etc.). To make it possible to specify working days at home and teleworking days, we only consider full-time employees who were surveyed on a week day in the following analyses. A working day in the workplace is considered as such when the employee spent at least 5 hours in the workplace. A teleworking day is a week day with at least 5 hours spent at home between 9am to 5pm. Teleworkers travel more on days when they commute than their counterparts who never telework ( figure   3 ). The extra distance is mainly travelled using public transport, especially by train. This difference in the modes of transportation is almost entirely due to commuting. More generally, in Switzerland, the modal share of train travel is increasing sharply in line with the length of commuting trips (OFS, 2018) , which may be explained by the ability of people to use their travel time for other purposes. If we now consider solely teleworkers, we can assess the distances travelled on days when they work either at home or in the office. There are strong differences in the distances travelled depending on whether the person works at home or in the workplace. In 2010, teleworkers travelled 56.1 kilometres on the days on which they went to their workplace and 23.8 kilometres on the days they stayed at home and teleworked. In 2015, these distances amount respectively to 56 kilometres and 18.4 kilometres. On the whole the distance travelled was 67% lower in 2015 on non-telecommuting days. Journeys on telework days are less likely to be made by public transport and relate more to taking children to school, or other activities such as shopping or leisure. These activities would
certainly not have been possible if the employee had to commute or would have been carried out by somebody else.
14 To complete our analysis, we estimated the average total distance travelled over a full working week for all purposes. For teleworkers, we took into account only full-time employees and we combined the average distances travelled on teleworking and commuting days with the average share of working time that is teleworked. For those who do not telework, we took into account only full-time employees and multiplied the distances that they travel on a working day by five.
In 2010, people who did not telework travelled an estimated average of 227 kilometres over the five working days (N=2084). Those who teleworked travelled 242.7 km during the same time (N=616). The gap grew in 2015 as the distances amounted respectively to 210 to 244.4 kilometres (N=1675 and N=605 respectively). This gap may not be very marked but it confirms that teleworking does not globally reduce travel distances. In terms of ecological footprint, teleworkers use more public transport but this seems to be due to the extra commuting time that can be spent working, resting, etc. This kind of calculation might be weakened by the methodological approach. To better assess the existence of a potential rebound effect over a week, it would be beneficial to use data collected over a complete week for each person. Such data would also make it possible to specify whether the difference in distances travelled during the week between teleworkers and non-teleworkers is explained by the use of telework or by sociodemographic and socioeconomic differences. With the data source we use here, however, it is not possible to perform such an analysis.
Conclusion and discussion
Teleworking is an increasing practice that can take many forms. While there is wide agreement within political discourse on the role that teleworking could play to regulate mobility in cities, some scholars have argued that a rebound effect may be observed (Rietveld, 2011; Lachapelle et al., 2017) . In order to explore these issues we have analysed the case of Switzerland using data from 2010 and 2015.
Our paper demonstrates, firstly, that the proportion of teleworkers is increasing in Switzerland. Employees who telework partially (less than 30% of their working time) account for 18% and the proportion of people who spend even more time working at home is just above 6%. Looking at the profile of teleworkers, our results confirm the observations made by Vilhelmson and Thulin (2016) in Sweden, who highlight that having flexible working hours and working in certain sectors of activity, including information and communication, education or the scientific field, largely favor teleworking practices. Consistent with the literature (e Silva and Melo, 2018) , we also demonstrated a greater use of teleworking among people with the highest salaries and level of education.
In terms of the effect of telework on mobility practices, a primary result is that teleworkers on average live further away from their workplace (24.6 km) than non-teleworkers (16.1 km) and this difference is increasing over time.
The difference is still significant when variables related to profile, working conditions and residential location are controlled. Being able to telework for part of the week may increase tolerance of long-distance commuting.
Telework and long-distance commuting seem to go hand in hand. Secondly, non-work-related journeys made on teleworking days partially offset the avoided commute. Overall, distance travelled is 67% lower on nontelecommuting days. These results are in line with the literature review by Walls and Safirova (2004) . Compared over a working week, telecommuters travel longer distances (estimated at 244 km) in comparison to nonteleworkers (210 km). A rebound effect may be observed in terms of distance travelled although it might not be the case in terms of energy consumption as telecommuters rely more on public transportation than the average. Our paper is based on a secondary analysis of the Mobility and Transport Microcensus. This approach has the advantage of being based on a large-scale survey but it does not enable us to analyse the mechanisms and factors behind the practice of teleworking in detail. If teleworkers live further from their workplace than those who do not (whether by choice or otherwise), the causal link between these two parameters is difficult to assess and requires more research (e.g. through ad-hoc surveys and interviews). Residential location choices involve complex tradeoffs that involve all members of a household. The multiplicity of criteria at stake means that residential location is never optimised on the sole basis of its proximity to the workplace, especially in the case of dual-career couples (Deding et al., 2009) . There is also an inherent inertia in residential mobility, especially since various moorings are built around the dwelling (Rérat, 2014; Vincent-Geslin and Kaufmann, 2012; Rérat and Lees, 2011) . These choices and their temporality are therefore of great importance. The workplace is also decisive in the spatialisation of people's activities and mobility. However, the choice of a job is only weakly influenced by its location (Bunel, 2009 ). These elements call for residential location and career approaches a biographical or life course approach in order to identify the life events and mobility milestones that trigger teleworking practices (Rau and Manton, 2016 ). This would make it possible to better assess the role of teleworking on the tolerance of employees with regard to distance from work or what could be considered as a support for residential inertia.
An additional limitation of the source that we used in respect of assessing the impact of teleworking on spatial mobilities, is its restriction to the more classic form of teleworking (work-related activities performed at home).
As mentioned in the theoretical section, teleworking encompasses other forms such as teleworking in a third place and during travel (itinerant teleworking) (Thomsin, 2002) . Researching itinerant telecommuting would help us to better understand the links between teleworking and commuting distance. Indeed, the majority of the longest commuter journeys are carried out by train (OFS, 2018 , Ravalet et al., 2015 . This is explained by the fact that workers are increasingly using commuting time to work (Frei et al., 2015; Lyons et al., 2016) and that the alternative use of travel time is facilitated on public transport (Keseru and Macharis, 2018) as opposed to trips made by car during which the traveller must concentrate on driving. Researching teleworking in third places is crucial in a context where co-working spaces are increasingly prevalent. It would be interesting to compare their impacts on spatial mobilities as compared with the more traditional form of teleworking at home.
On the whole, given the results presented in this paper, it is apparent that teleworking needs to be studied using a systemic approach that integrates both daily and residential mobilities. This is especially important given the suggested rebound effect in the case of Switzerland, and the fact that teleworking seems to reduce the number of journeys but not the distance travelled. As teleworking will continue to grow due to digitalisation, it is necessary to broaden our understanding of the effects of its various forms on spatial mobilities. 
Appendix 1: Teleworking and employment status
